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Introduction
A novel and distinct variant of the 
superbug Klebsiella pneumoniae called 
hypervirulent K. pneumoniae (hvKP) has 
emerged which is predicted to become a 
major threat in the world including Asia 
and Western countries.[1] In comparison 
to classical K. pneumoniae, hvKP strains 
exhibit enhanced virulence in terms of 
overproduction of capsular polysaccharides 
and antiphagocytosis resulting in 
severe infections such as pyogenic liver 
abscess, pneumonia, endophthalmitis, 
osteomyelitis, and necrotizing 
fasciitis.[2] Moreover, the emergence 
of multi and pandrug‑resistant (PDR) 
strains renders management of hvKP 
infections extremely challenging due to 
the acquisition of extended‑spectrum 
β‑lactamases (ESBLs), carbapenemases,[3] 
and recently described mcr genes. Most 
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Abstract
Introduction: Infections caused by multidrug‑resistant (MDR) hypervirulent Klebsiella pneumoniae 
are difficult to treat and associated with high mortality rates. Hence, this study was conducted to 
determine the antibiotic resistance pattern along with the distribution of virulence genes among 
isolated string test positive and negative strains. Materials and Methods: A total of 44 K. 
pneumoniae strains were isolated following standard microbiological methods from 350 different 
clinical samples from patients admitted to Dhaka Medical College Hospital, Bangladesh. String 
test was done to detect the hypermucoid phenotype. Antimicrobial resistance (AMR) pattern was 
determined by dichlorodiphenyltrichloroethane (except colistin and fosfomycin) among all isolates. 
Polymerase chain reaction was done to detect the hypervirulence genes (magA, rmpA, rmpA2 
iutA, iroN). Results: In this study, 21/44 (47.73%) of the isolated K. pneumoniae were string test 
positive and distribution of the virulence genes except rmpA2 was higher among them. A total of 
15/44 (34.09%) of the isolated K. pneumoniae were MDR, 10/44 (22.73%) were extensively drug 
resistant, 1/44 (2.27%) was pan drug resistant, and 14/44 (31.82%) were colistin resistant. Isolated 
organisms were highly resistant to third‑generation cephalosporins and most sensitive to fosfomycin 
in this study. Although all the string test positive strains showed higher resistance rates than the string 
test negative ones toward most of the tested antibiotics, only the differences of resistance rates to 
amoxiclav and tigecycline among the two phenotypes were statistically significant. Conclusion: Our 
findings highlight the importance of surveillance of the AMR pattern of hypervirulent K. pneumoniae 
in clinical samples. Therefore, a response to check the global dissemination of this hypervirulent 
K. pneumoniae with resistance determinants is urgently needed.
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strains causing pyogenic infections show 
hypermucoviscosity when grown on agar 
plates and cause the generation of viscous 
strings exceeding 5 mm between a colony 
and a loop; referred to as string test.[4] 
These strains are much more resistant than 
classic K. pneumoniae to in vitro killing 
by serum, to phagocytosis by neutrophils 
and macrophages, cause liver abscess and 
meningitis in mice; they have thus been 
referred to as hvKP strains.

The first gene identified as contributing to 
the hypermucoviscous phenotype in the 
representative strain NTUH‑K2044 was 
magA (mucoviscosity‑associated gene A), 
which also conferred increased virulence in 
mouse models.[5] In addition to magA, several 
virulence factors including rmpA and various 
siderophore genes have been identified 
that characterize the hypermucoviscous 
hypervirulent phenotype. The prototypical 
hypermucoviscous K1 strain NTUH‑K2044 
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carries two rmpA plasmid‑borne genes (prmpA and prmpA2) 
on the same large plasmid (pK2044).[3] Siderophores are 
also important virulence factors that scavenge scarce 
ferric iron from the environment. In K. pneumoniae, 
aerobactin (encoded by iutA), salmochelin (also known as 
catechol receptors) (encoded by iroN), and yersiniabactin 
are the representative siderophores.[6,7] The convergence 
of hypervirulence and multidrug resistance (MDR) in 
K. pneumoniae, through both acquisition of resistance genes 
by hypervirulent strains and the opposite phenomena, poses 
a consequential public health threat.[8]

Positive string test has been reported as a factor of 
hypervirulence and no study has so far been carried out 
to observe antimicrobial resistance (AMR) pattern among 
string test positive K. pneumoniae in Bangladesh. Hence, 
this study has been done to evaluate the association 
of hypervirulence with multidrug resistance (MDR) in 
K. pneumoniae at a tertiary care medical college hospital 
in Bangladesh.

Materials and Methods
A total of 350 samples (wound swab, sputum, endotracheal 
aspirates, pus, blood, and urine) were collected following 
standard protocol and processed further as required from 
patients admitted to Dhaka Medical College Hospital, 
Dhaka, Bangladesh, during 2018–2019. Written informed 
consent was obtained from the patients and the study was 
approved by the institutional ethical review committee.

Isolation and identification of the organisms from 
culture

Phenotypic identification of the organisms was done 
by observing colony morphology, hemolytic criteria, 
staining characteristics, pigment production (in Blood and 
MacConkey agar media), and biochemical tests (oxidase 
test, catalase tests, and other biochemical reactions after 
inoculation in Triple Sugar Iron, Motility Indole Urea, and 
Simmon’s Citrate agar media). Isolated K. pneumoniae 
were subcultured in Mueller–Hinton agar media and 
preserved at −22°C for further use.

Antimicrobial susceptibility test and determination of 
minimum inhibitory concentration

Susceptibility to antimicrobial agents of all isolates was 
done by modified Kirby‑Bauer disc diffusion technique 
using Mueller–Hinton agar plates and zones of inhibition 
were interpreted according to the Clinical and Laboratory 
Standards Institute (CLSI) guidelines.[9] The US Food and 
Drug Administration identified interpretive criteria that 
were used for the interpretation of the zone of inhibition 
of tigecycline. The antimicrobial discs were used according 
to the standard antibiotic panel for isolated organisms. 
Following antibiotic discs were obtained from commercial 
source (Oxoid Ltd, UK)‑Amoxiclav (amoxicillin 20 µg and 
clavulanic acid 10 µg), piperacillin‑tazobactam (100/10 µg), 

cefepime (30 µg), cefoxitin (30 µg), ceftriaxone (30 µg), 
cefuroxime (30 µg), ceftazidime (30 µg), amikacin (30 µg), 
ciprofloxacin (5 µg), imipenem (10 µg), tigecycline (15 µg), 
and aztreonam (30 µg). Escherichia coli ATCC 25922 was 
used as control strain to assess the performance of the 
method. The Agar dilution method was done to determine 
the minimum inhibitory concentration (MIC) of colistin, 
tigecycline, imipenem, and fosfomycin.[9,10] Double‑disc 
synergy test was done to detect ESBL‑producing strains. 
MDR, extensively drug resistant (XDR), and PDA strains 
were identified according to the Center for Disease Control 
and Prevention (CDC)  definitions.

String test

To detect the hypermucoid phenotype, string test was done using 
sterile platinum wire loop to lift a colony of K. pneumoniae 
grown on blood agar plate. The length of the viscous string was 
measured by placing a ruler straight behind it.

Molecular methods

Polymerase chain reaction and sequencing

DNA extraction of the preserved samples was done 
following standard extraction protocol (boiling method). 
This extracted DNA was kept at −22°C and was further 
used for polymerase chain reaction (PCR).

Amplification in the thermal cycler was done using specific 
primers for virulence (magA, rmpA, rmpA2, iutA, iroN). 
Amplified products of PCR were detected by ultraviolet 
transillumination (Gel Doc, Major science, Taiwan) after 
electrophoresis on 1.5% agarose gel prepared with 1X TAE 
buffer and stained with ethidium bromide.

Data processing

All data were compiled and edited meticulously by thorough 
checking and rechecking. All omissions and inconsistencies 
were corrected and were removed methodically.

Data analysis

The results of the study were recorded systematically. Data 
were analyzed and compared using Z test. All statistical 
analysis was performed using SPSS Statistics for Windows, 
version 15 (SPSS Inc., Chicago, III., USA). P = 0.05 was 
taken as a minimal level of statistical significance.

Results
A total of 350 clinical samples were included in the present 
study of which, 220 (62.86%) samples yielded culture 
positivity. The distribution of total isolated and string test 
positive K. pneumoniae in different samples is shown in 
Table 1. The distribution of different bacterial species 
among 220 different culture‑positive clinical samples is 
demonstrated in Table 2.

AMR pattern among total isolated (n = 44), string 
positive (n = 21), and string negative (n = 23) 
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K. pneumoniae is shown in Table 3. Although higher 
resistance rates toward all the tested antibiotics (except 
for ceftriaxone, piperacillin‑tazobactam, and colistin) were 
observed among the string test positive strains than that of 
string test negative isolates, only resistance proportions to 
amoxiclav and tigecycline were significantly higher among 
them (P < 0.05). Highest sensitivity was seen toward 
fosfomycin, followed by imipenem and least in vitro 
effective drug was cefuroxime, followed by ceftriaxone 
in this study. In Table 4, the MIC ranges of imipenem, 
tigecycline, colistin, and fosfomycin among resistant 
K. pneumoniae have been shown.

Distribution of MDR, XDR, PDR, and ESBL‑producing 
strains of isolated K. pneumoniae in different samples is 
demonstrated in Table 5 along with their relative frequency 
among the string test positive and string test negative 
strains in Figure 1. Among the isolated strains, 15 (34.09%) 
were MDR, 10 (22.73%) were XDR, and 1 (2.27%) was 
PDR pathogen.

Distribution of virulence genes among isolated 
K. pneumoniae in different samples [Table 6] has been 

demonstrated, and the comparative distribution of these 
genes among the hypermucoid phenotypes or string positive 
and string negative strains is shown in Figure 2.

Discussion
K. pneumoniae has been described over the past decades as 
an opportunistic pathogen associated with the health‑care 
setting, wherein it is capable of causing severe illnesses. 
It is now considered a reservoir for AMR and virulence 
genes.[11] The acquisition and dissemination of ESBL, 
carbapenem, and now colistin‑resistance encoding 
genes[12,13] make this pathogen an urgent threat to human 
health. Infections caused by the hypervirulent strains 
are reported to be associated with higher morbidity and 
mortality even with antibiotic‑sensitive strains.[14]

In this study, among 350 different clinical samples, 62.86% 
yielded culture‑positive results. In the present study, among 
the culture‑positive samples, 24.55% were E. coli which 
was the most common pathogen, followed by Pseudomonas 
aeruginosa (23.18%). K. pneumoniae accounted to be 

Table 1: Total and string positive number of Klebsiella pneumoniae isolated from different culture‑positive samples
Samples Number of samples Culture positive, n (%) Isolated n (%) of K. pneumoniae String test positive K. pneumoniae
Wound swab 97 75 (77.32) 15 (20.00) 7 (46.66)
Urine 91 43 (47.25) 8 (18.60) 4 (50.00)
Sputum 42 23 (54.76) 8 (34.78) 3 (37.50)
ETA 22 19 (86.36) 7 (36.84) 3 (42.86)
Pus 52 36 (69.23) 4 (11.11) 3 (75.00)
Blood 46 24 (52.17) 2 (8.33) 1 (50.00)
Total 350 220 (62.86) 44 (20.00) 21 (47.73)
ETA: Endotracheal aspirates; K. pneumoniae: Klebsiella pneumoniae

Table 2: Distribution of organisms isolated from 
different samples (n=220)

Organisms n (%)
E. coli 54 (24.55)
P. aeruginosa 51 (23.18)
K. pneumoniae 44 (20.00)
K. oxytoca 2 (0.90)
A. baumannii 13 (5.90)
E. cloacae 8 (3.64)
E. aerogenes 6 (2.72)
C. freund 2 (0.91)
C. koseri 1 (0.45)
P. mirabilis 5 (2.27)
P. vulgaris 3 (1.36)
Gram‑positive bacteria 31 (14.09)
Total 220 (100.00)
E. coli: Escherichia coli; P. aeruginosa: Pseudomonas aeruginosa; 
K. pneumoniae: Klebsiella pneumoniae; K. oxytoca: Klebsiella 
oxytoca; A. baumannii: Acinetobacter baumannii; E. cloacae: 
Enterobacter cloacae; E. aerogenes: Enterobacter aerogenes; 
C. freund: Citrobacter freund; C. koseri: Citrobacter koseri; P. 
mirabilis: Proteus mirabilis; P. vulgaris: Proteus vulgaris

Figure 1: Here, the number of multidrug‑resistant and extended‑spectrum 
β‑lactamases producing strains was higher among string test positive 
isolates than the string test negative ones but the difference was 
only statistically significant for extended‑spectrum β‑lactamases 
producers (P < 0.00001)
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20% in the current study. A study in India reported that 
56.9% of samples yielded growth of bacteria.[15] The high 
prevalence rate of Klebsiella among clinical patients has 
become a global concern in recent years since 24% and 
19.72% prevalence rates were reported from northeastern 
and southeastern part of Bangladesh, respectively.[16,17] 
These findings are in accordance with the present study.

In the present study, K. pneumoniae was found to be 
highly resistant to second‑, third‑, and fourth‑generation 
cephalosporins, aztreonam, and ciprofloxacin. Previous 
studies in Bangladesh also reported very high 
resistance rates among isolated K. pneumoniae toward 
cefuroxime, ceftriaxone, ceftazidime, cefepime, and 
ciprofloxacin.[18,19] The resistance pattern of isolated 

K. pneumoniae to imipenem (20.45%), tigecycline (20.45%), 
colistin (31.82%), and fosfomycin (13.67%) in the current 
study does not correspond to the findings of previous 
studies in Bangladesh. From 2016 to 2018, the highest 
resistance developing trend was observed in K. pneumoniae 
toward colistin.[20] One systematic review in Bangladesh 
reported 18.8% median resistance to colistin which ranged 
from 0% to 21.4%.[19] It may be due to the increased use of 
these drugs in clinical settings coupled with the horizontal 
transfer of genetic elements including resistance genes. 
Colistin is also being used unchecked in food, agriculture, 
poultry, and animal husbandry. One recent study in the US 
reported that repeated exposure of bacteria to sublethal 
doses of chlorhexidine which is used invariably in clinical 
settings might result in cross‑resistance with cationic 

Table 4: Minimum inhibitory concentration ranges of 
imipenem, tigecycline, colistin, and fosfomycin among 

resistant Klebsiella pneumoniae isolates
Name of antibiotic Number of 

resistant isolates
MIC range (µg/ml)

Imipenem 9 16‑≥128
Tigecycline 9 8‑≥32
Colistin 14 16‑≥256
Fosfomycin 6 512‑≥4096
CLSI breakpoint of MIC of imipenem for K. 
pneumoniae ‑ Sensitive ≤1 µg/ml, Intermediate 2 µg/ml, 
Resistant ≥4 µg/ml; FDA breakpoint of MIC of tigecycline for K. 
pneumoniae ‑ Sensitive ≤2 µg/ml, Resistant ≥8 µg/ml; EUCAST 
breakpoint of MIC of colistin for K. pneumoniae ‑ Sensitive 
≤2 µg/ml, Resistant >2 µg/ml; EUCAST breakpoint of MIC of 
fosfomycin for K. pneumoniae ‑ Sensitive <32 µg/ml, Resistant 
≥32 µg/ml. K. pneumoniae: Klebsiella pneumoniae; MIC: 
Minimum inhibitory concentration; CLSI: Clinical and Laboratory 
Standards Institute; FDA: Food and Drug Administration; 
EUCAST: European Committee on Antimicrobial Susceptibility 
Testing

Figure 2: The presence of all the virulence genes detected except rmpA2 
was higher in string positive than in string negative strains. However, 
the distribution of magA gene was significantly higher (P = 0.003) among 
the string positive strains of K. pneumonia. K. pneumonia: Klebsiella 
pneumoniae

Table 3: Antimicrobial resistance pattern among isolated Klebsiella pneumoniae (n=44) with comparison between 
string positive and string negative isolates

Antimicrobial drugs Resistance P
Total isolated, n (%) String test positive, n (%) String test negative, n (%)

Amikacin 23 (52.27) 13 (61.90) 10 (43.48) 0.10
Amoxiclav 24 (54.54) 15 (71.43) 9 (39.13) 0.01*
Cefepime 25 (56.82) 13 (61.90) 12 (52.17) 0.25
Ceftazidime 30 (68.18) 16 (76.19) 14 (60.87) 0.14
Ceftriaxone 32 (72.73) 14 (66.66) 18 (78.26) 0.21
Cefoxitin 24 (54.54) 14 (66.66) 10 (43.48) 0.06
Cefuroxime 33 (75.00) 16 (76.19) 17 (73.91) 0.43
Ciprofloxacin 26 (59.09) 15 (71.43) 11 (47.83) 0.06
Piperacillin‑tazobactam 18 (40.90) 8 (38.09) 10 (43.48) 0.36
Aztreonam 31 (70.45) 15 (71.43) 16 (69.56) 0.45
Imipenem 9 (20.45) 6 (28.57) 3 (13.04) 0.09
Tigecycline 9 (20.45) 7 (33.33) 2 (8.69) 0.02*
Fosfomycin 6 (13.67) 4 (19.04) 2 (8.69) 0.15
Colistin 14 (31.82) 5 (23.81) 9 (39.13) 0.16
*statistically significant, (P<0.05)
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antimicrobials including colistin.[21] Furthermore, colistin is 
often prescribed without knowing the culture and sensitivity 
report. Most of the microbiology laboratories in Bangladesh 
still use the disc diffusion method to determine colistin 
susceptibility patterns whereas detection of MIC is the 
most accurate method according to the CLSI guidelines.[9]

The antibiogram of Klebsiella isolates studied in India 
showed higher resistance against cephalosporins and 
fluoroquinolones, whereas the highest sensitivity was 
observed toward imipenem.[22] Higher coresistance to 
cephalosporins as well as quinolones could be because 
the plasmids that contain the ESBL gene also contain 
resistance genes for quinolones.[23] and availability of these 
over‑the‑counter drugs enable people to consume without 
prescription in incomplete and inappropriate dose regimen. 
Overall, polymyxin resistance rates in K. pneumoniae vary 
among different regions, but it seems that the prevalence 
is increasing worldwide.[24] Similarly, increased tigecycline 
resistance has been also observed in K. pneumoniae 
comparing previous studies in Dhaka Medical College 
Hospital.[25]

ESBL‑producing Gram‑negative bacteria had decreased over 
time in Bangladesh. Several studies have been conducted 
and reported the rate of ESBL‑producing bacteria as 30.01% 
in 2008,[26] 25% in 2012,[27] and 16.01% in 2014.[28] In the 

present study, 13.64% K. pneumoniae were ESBL producers. 
Changes in the antibiotic prescribing trends such as reduced 
use of penicillin and cephalosporine along with increased use 
of imipenem which led to increasing imipenem resistance 
might be the cause of the low rate of ESBL producers 
among isolated K. pneumoniae in this study. Studies in 
India have shown that detection rates of ESBL producing K. 
pneumoniae vary from 9.6% to 81.1%.[29] It could be due to 
a varied degree of exposure of this organism to beta‑lactam 
antimicrobials or because of varied transferability of 
plasmids in the nature or due to the differences in the 
methodology and interpretation employed.[29] The higher rate 
of ESBL producers in places might be because carbapenem 
susceptibility pattern or phenotypic metallo‑β‑lactamase 
production is not ruled out during screening for ESBL 
production. However, by definition, ESBL producers must 
remain sensitive to carbapenems. However, Rao et al.(2014) 
did not disclose these facts.[29]

In this study, 47.73% of the isolated K. pneumoniae 
was string test positive. A study in India reported 31.3% 
string test positive strains.[30] In Egypt, another study 
reported 40.71% string test positive K. pneumoniae.[31] The 
dissimilarity may be due to time, source of sample collection, 
and geographical variation. Although hypermucoviscosity is 
associated with virulence, nonhypermucoviscous or string 
test negative K. pneumoniae isolates may also possess the 
virulence genes and show higher AMR.[32] From this, it can 
be presumed that there are other factors such as K1 and 
K2 capsular serotypes; ST23 and CC23 sequence types; 
virulence plasmid pLVPK and KPHP1208 pathogenicity 
island or other virulence genes that might be responsible 
for higher resistance rates.[6] In the present study, virulence 
genes magA and rmpA were detected in 42.86% and 
52.38% of isolated string test positive strains, respectively. 
This finding is in agreement with the study findings in 
China and Egypt that reported the presence of these genes 
in 44.4% and 56.52% of the isolated K. pneumoniae, 
respectively.[31,33] There are no data available regarding the 
prevalence of virulence genes and string test positivity in 
K. pneumoniae in Bangladesh or nearby Asian countries.

In the present study, 34.09%, 22.73%, and 2.27% of 
K. pneumoniae isolated from different clinical specimens 
were found MDR, XDR, and PDR, respectively. These 
findings coincide with a study in India which reported 30% 
MDR and 27.8% XDR K. pneumoniae isolated from these 
samples including wound swab, pus, blood, endotracheal 
aspirates, urine, and sputum.[34] A study in Pakistan reported a 
much higher prevalence of MDR (74.41%), XDR (20.93%), 
and PDR (4.65%) K. pneumoniae which might be because 
the bacteria were isolated from burn wounds and urine 
only.[35]

Conclusion
Increasing resistance to last‑resort antibiotics such as 
imipenem, colistin, tigecycline, and fosfomycin with the 

Table 5: Distribution of multidrug resistant, 
extensive‑drug resistant, pan‑drug resistant, and 

extended‑spectrum beta‑lactamases producing Klebsiella 
pneumoniae isolated from different samples (n=44)

Samples MDR, 
n (%)

XDR, 
n (%)

PDR, 
n (%)

ESBL, 
n (%)

Wound swab 6 (13.66) 7 (15.90) 0 2 (33.33)
Urine 3 (6.81) 2 (4.54) 0 1 (16.67)
Sputum 1 (2.26) 0 0 2 (33.33)
ETA 4 (9.09) 1 (2.27) 1 (2.27) 0 (0.00)
Pus 0 0 0 1 (16.67)
Blood 1 (2.27) 0 0 0
Total 15 (34.09) 10 (22.73) 1 (2.27) 6 (13.63)
ETA: Endotracheal aspirates; MDR: Multidrug resistant; XDR: 
Extensive‑drug resistant; PDR: Pandrug resistant; ESBL: 
Extended‑spectrum beta‑lactamases

Table 6: Distribution of virulence genes among isolated 
Klebsiella pneumoniae (N=44)

Genes Total, n (%)
magA 11 (25.00)
rmpA 21 (47.73)
rmpA2 0
iutA 23 (52.27)
iroN 21 (47.73)
N=Total number of isolated K. pneumoniae; n=Number of 
different samples positive for different virulence genes. magA: 
Mucoviscosity associated gene A; K. pneumoniae: Klebsiella 
pneumoniae
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high frequency of MDR, XDR, and PDR K. pneumoniae 
observed in this study is alarming. Despite significantly 
higher frequency of ESBL producers among string test 
positive strains of isolated K. pneumoniae in the present 
study, no significant association was found regarding 
MDR and hypervirulence among the two phenotypes. 
Further studies are required to establish the significance of 
colistin use in treating patients infected with hypermucoid 
phenotypes of K. pneumoniae. Moreover, routine 
surveillance of other factors responsible for hypervirulence 
as well as its association with AMR pattern is needed which 
may play an important role in public health policymaking.

Acknowledgment

We would like to thank the department of microbiology for 
technical assistance.

Part of the study was presented at the 15th Asian conference 
on diarrheal disease and nutrition (ASCODD) held in 
Dhaka, Bangladesh, on 30 January 2020.

Ethical clearance

Ethical permission for this study was obtained from the 
Institutional Review board of the corresponding institution, 
Dhaka Medical College.

Financial support and sponsorship

This study was financially supported by the Microbiology 
laboratory of Dhaka Medical College, Dhaka, Bangladesh.

Conflicts of interest

There are no conflicts of interest.

References
1. Diago‑Navarro E, Calatayud‑Baselga I, Sun D, Khairallah C, 

Mann I, Ulacia‑Hernando A, et al. Antibody‑based 
immunotherapy to treat and prevent infection with 
hypervirulent Klebsiella pneumoniae. Clin Vaccine Immunol 
2017;24:e00456‑16.

2. Zhan L, Wang S, Guo Y, Jin Y, Duan J, Hao Z, et al. Outbreak 
by hypermucoviscous Klebsiella pneumoniae ST11 isolates with 
carbapenem resistance in a tertiary hospital in China. Front Cell 
Infect Microbiol 2017;7:182.

3. Harada S, Doi Y. Hypervirulent Klebsiella pneumoniae: A call 
for consensus definition and international collaboration. J Clin 
Microbiol 2018;56:e00959‑18.

4. Kumabe A, Kenzaka T. String test of hypervirulent Klebsiella 
pneumonia. QJM 2014;107:1053.

5. Fang CT, Chuang YP, Shun CT, Chang SC, Wang JT. A novel 
virulence gene in Klebsiella pneumoniae strains causing primary 
liver abscess and septic metastatic complications. J Exp Med 
2004;199:697‑705.

6. Lee CR, Lee JH, Park KS, Jeon JH, Kim YB, Cha CJ, et al. 
Antimicrobial resistance of hypervirulent Klebsiella pneumoniae: 
Epidemiology, hypervirulence‑associated determinants, and 
resistance mechanisms. Front Cell Infect Microbiol 2017;7:483.

7. Russo TA, Olson R, MacDonald U, Beanan J, Davidson BA. 
Aerobactin, but not yersiniabactin, salmochelin, or enterobactin, 
enables the growth/survival of hypervirulent (hypermucoviscous) 

Klebsiella pneumoniae ex vivo and in vivo. Infect Immun 
2015;83:3325‑33.

8. Chen L, Kreiswirth BN. Convergence of carbapenem‑resistance 
and hypervirulence in Klebsiella pneumoniae. 
Lancet Infect Dis 2018;18:2‑3.

9. Clinical and Laboratory Standard Institute (CLSI). Performance 
Standards for Antimicrobial Susceptibility Testing. Twenty‑Eighth 
Informational Supplement. CLSI Document M100‑S28. Wayne, 
PA: CLSI; 2018.

10. European Committee on Antimicrobial Susceptibility Testing. 
Breakpoint Tables for Interpretation of MICs and Zone Diameters. 
Version 8.1, Valid from 2018‑05‑15. EUCAST. Available from: 
http://www.eucast.org.  [Last accessed on 2019 Sep 20].

11. Holt KE, Wertheim H, Zadoks RN, Baker S, Whitehouse CA, 
Dance D, et al. Genomic analysis of diversity, population 
structure, virulence, and antimicrobial resistance in Klebsiella 
pneumoniae, an urgent threat to public health. Proc Natl Acad 
Sci U S A 2015;112:E3574‑81.

12. Seo R, Kudo D, Gu Y, Yano H, Aoyagi T, Omura T, et al. 
Invasive liver abscess syndrome caused by Klebsiella 
pneumoniae with definite K2 serotyping in Japan: A case report. 
Surg Case Rep 2016;2:72.

13. Ridolfo AL, Rimoldi SG, Pagani C, Marino AF, 
Piol A, Rimoldi M, et al. Diffusion and transmission of 
carbapenem‑resistant Klebsiella pneumoniae in the medical and 
surgical wards of a university hospital in Milan, Italy. J Infect 
Public Health 2016;9:24‑33.

14. Babu L, Uppalapati SR, Sripathy MH, Reddy PN. Evaluation 
of recombinant multi‑epitope outer membrane protein‑based 
Klebsiella pneumoniae subunit vaccine in mouse model. Front 
Microbiol 2017;8:1805.

15. Debnath J, Das PK. Bacteriological profile and antibiotic 
susceptibility pattern of neonatal septicemia in a tertiary care 
hospital of Tripura. Indian J Microbiol Res 2015;2:238‑43.

16. Chakraborty S, Mohsina K, Sarker PK, Alam MZ, Karim M, 
Sayem S. Prevalence, antibiotic susceptibility profiles and Esbl 
production in Klebsiella pneumoniae and Klebsiella oxytoca 
among hospitalized patients. Period Boil 2016;118:53‑8.

17. Akter J, Chowdhury AM, Forkan MA. Study on prevalence and 
antibiotic resistance pattern of Klebsiella isolated from clinical 
samples in south east region of Bangladesh. Am J Drug Discov 
Dev 2014;4:73‑9.

18. Khatun MM, Sharif MM, Haque AK, Arifin S, Ali KM. 
Bacteriological profile of ESBL producing bacteria with their 
antibiotic resistance pattern. KYAMC J 2019;10:7‑12.

19. Ahmed I, Rabbi MB, Sultana S. Antibiotic resistance in 
Bangladesh: A systematic review. Int J Infect Dis 2019;80:54‑61.

20. Hasan MJ, Hosen MS, Bachar SC. The resistance growing trend 
of common gram‑ negative bacteria to the potential antibiotics 
over three consecutive years : A single center experience in 
Bangladesh. Pharm Pharmacol Int J 2019;7:114‑9.

21. Hashemi MM, Holden BS, Coburn J, Taylor MF, Weber S, 
Hilton B, et al. Proteomic analysis of resistance of gram‑negative 
bacteria to chlorhexidine and impacts on susceptibility to 
colistin, antimicrobial peptides, and ceragenins. Front Microbiol 
2019;10:210.

22. Bhurle A, Devnikar A, Sonth S, Solabannavar S. Antibiogram 
and detection of ESBL production in Klebsiella species isolated 
from various clinical samples. Int J Curr Microbiol Appl Sci 
2018;7:1184‑9.

23. Paterson DL, Mulazimoglu L, Casellas JM, Ko WC, Goossens H, 
Von Gottberg A, et al. Epidemiology of ciprofloxacin resistance 
and its relationship to extended‑spectrum beta‑lactamase 



Kawser, et al.: Antimicrobial resistance of virulent Klebsiella pneumoniae

129International Journal of Applied and Basic Medical Research | Volume 12 | Issue 2 | April-June 2022

production in Klebsiella pneumoniae isolates causing bacteremia. 
Clin Infect Dis 2000;30:473‑8.

24. Petrosillo N, Taglietti F, Granata G. Treatment options for 
colistin resistant Klebsiella pneumoniae: Present and future. 
J Clin Med 2019;8:934.

25. Hossain MZ, Naher A, Hasan P, Mozazfia KT, Tasnim H, 
Ferdush Z, et al. Prevalent bacteria and their sensitivity and 
resistance pattern to antibiotics: A study in Dhaka medical 
college hospital. J Dhaka Med Coll 2017;26:52‑64.

26. Islam S, Yusuf A, Begum SA, Sattar A, Hossain A, Roy S. 
Extended‑spectrum‑beta‑lactamase producing uropathogenic 
Escherichia coli infection in Dhaka, Bangladesh. J Bacteriol Res 
2015;7:1‑7.

27. Farzana R, Shamsuzzaman SM, Mamun KZ, Shears P. 
Antimicrobial susceptibility pattern of extended spectrum 
beta‑lactamase producing gram‑negative bacteria isolated 
from wound and urine in a tertiary care hospital, Dhaka City, 
Bangladesh. Southeast Asian J Trop Med Public Health 
2013;44:96‑103.

28. Jobayer M, Afroz Z, Nahar SS, Begum SA, Shamsuzzaman SM, 
Begum A. Antimicrobial susceptibility pattern of extended‑spectrum 
beta‑lactamases producing organisms isolated in a tertiary care 
hospital, Bangladesh. Int J Appl Basic Med Res 2017;7:189‑92.

29. Rao SP, Rama PS, Gurushanthappa V. Extended‑spectrum 

beta‑lactamases producing Escherichia coli and Klebsiella 
pneumoniae : A multi‑centric study across Karnataka. J Lab 
Physicians 2014;6:7‑13.

30. Dall C. Deadly, Highly Resistant Klebsiella Found in Indian 
Hospital. CIDRAP News; 2018. Available from: http://www.
cirdap.umn.edu.  [Last accessed on 2019 Sep 15].

31. Abd‑Elmonsef MM, Khalil HS, Selim A, Abd‑Elsalam S, 
Elkhalawany W, Samir S. Detection of hypervirulent Klebsiella 
pneumoniae in Tanta university hospital, Egypt. Br Microbiol 
Res J 2016;17:1‑10.

32. Catal JC, Garza‑Ramos U, Barrios‑Camacho H. Hypervirulence 
and hypermucoviscosity : Two different but complementary 
Klebsiella spp. phenotypes. Virulence 2017;8:1111‑23.

33. Shi Q, Lan P, Huang D, Hua X, Jiang Y, Zhou J, et al. Diversity 
of virulence level phenotype of hypervirulent Klebsiella 
pneumoniae from different sequence type lineage. BMC 
Microbiol 2018;18:1‑6.

34. Basak S, Singh P, Rajurkar M. Multidrug resistant and extensively 
drug resistant bacteria : A study. J Pathog 2016;2016:1‑5.

35. Abduljabbar A, Aljanaby J, Mohammed H, Jaber R. Research 
article phenotypic and molecular characterization of multidrug 
resistant Klebsiella pneumoniae isolated from different 
clinical sources in Al‑Najaf Province‑Iraq. Pak J Biol Sci 
2017;20:217‑32.


